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SUlvaiaRY 



Tests v;ere made in the NACA tv/o-dlnenslonal lov;- 
turbulence pressure tunnel to study the interference effects 
of various pusher-propeller shaft-housing combinations on an 
NACA lov/-drag airfoil. Thirty different combinations were 
tested, variations being made in shaft size, shape, angle, 
and fillet. The shafts v/ere not equipped v/ith operating 
propellers. Results of this study indicated that drag 
increments increased roughly in proportion to shaft diameter, 
that increasing the shaft angle caused large increases in 
the drag increments, that fillets should be sm.all hut not 
abruptly ended, and that the combinations v/lth shal't angles 
greater than 0^ caused a slight decrease in lift. 



INTRODUCTION 



As part of a genej-^^'l program of investigation of inter- 
ference effects on lov^^-drag wings, studies have been made of 
the effects of leading-edge roughness, intersecting flat 
plates, and nacelles (references 1 to li) . These studies 
have shov/n that the largest adverse effects are caused by 
leading-edge roughness. Other sources of Interference have, 
in general, failed to shov\r large adverse interference effects 
on drag except ' .tlie drag increment resulting directly from 
a more forv/ard location of transition from laminar to 
turbulent flov/. These results would indicate that no serious 
adverse interference effects would be expected from pusher- 
propeller shaft housings on low-drag wings. 

Tests in the NACA 19-foot pressure tunnel of a model of 
the XB-55 airplane (unpublished), however, showed unex- 
pectedly large drag increments di;e to the pusher-propeller 
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shaft housings. Because the model had large sweepback, the 
question arose as to whether the drag increment largely re- 
sulted from cross flows due to the sv/eepback or from the shape 
of the propeller shaft housing itself. It was therefore 
decided to test a similar propeller shaft housing on an air- 
foil model in the IIACA two-dimensional low- turbulence pressure 
tunnel to Investigate the drag without sweepback. Tests were 
made and the results ?/ere found to be about the same as those 
obtained in the NACA 19-foot pressure tunnel. These results 
indicated that the drag increments could not be attributed 
prim.arily to cross flows resulting from sweepback. 

Because the number of applications of pusher propellers 
on new airplanes is increasing, it was decided to extend the 
investigation to include other com.blnations . A series of 
tests has been m.ade of 30 different combinations varying in 
shaft shape, size, angle, and fillet* These shafts were not 
equipped with operating propellers • Although it was realized 
that operating propellers would affect the results obtained, 
it was thought that the chief result would be to improve the 
poorer combinations. Purtlier tests of some of these shaft 
and fillet com.binations with propellers operating are planned. 



MODEL 

A 2li-inch-chord model having an NACA 65,5-010 airfoil 
section (reference 1) was used for all the tests. This model 
was made of wood v/ith painted and sanded surfaces and extended 
from wall to wall of the rectangular test sect. '.on of the 
NAOA two-dimensional low- turbulence pressu.^-^. l-unnel. The 
pvL.'-:her sbav;-c }..o\\s lng3 v/ere also made of wood w;/:h cnrfaces 
pa:. .:t-;-:^ ^:nd sanded and the fillets were m.? .'.'^ of r^jooeling clay. 
Eacii arran.}>-:ement was mounted on the wing aV)jut the center 
of l.ie span, as shown in figure 1. Three sjze:-^. of shaft 
hous:?'igs were tested and are referred to as t\e 9mall (O-Oyc), 
m^jc.LuT.. ff'/JJ-.o), and large (0.15c) shafts. Eaoli uf these 
she -'r..^, vva*-:, .tested at various angles to tne ?hcrc line. 

As -^ho^""-! in riju-^-e 2, che center line-^ oiC <i.L .3h^-?t;^ Inter- 
so'-^.od the V:ng chcrd Dine at the say^r poii.t, orii t'riz lengths 
of t •1.^' »sha.vLs were the samie regardless cv o..^ o.r;;:;;l.e . A 

short; (O.li^c) and a long (0.21c) spinnei' were cost". i on the 
smaTj. shaft. Spinners on the medimn and large .^Lafts were 
pr:. oor ^>ioncd to correspond to the short spinn-^.:* c.v -jhe small 
sh^-i'-*:- 'j'ij.e a.>*raiij;ements B.re all illuvsrr ated :>y sirotches 
(fi^s. 5 '"^ 52), which are drawn to scale. General dimensions 
for all the arrangements are shov/n in figure 2. 
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For p.everal tests, the small and medium shaftw^ at the 
10^ angle v/ere reduced in v;idth to about tv/o-thirds the di- 
arrieter of the corresponding round shaft over a part of tlieir 
lengths, and an attempt v/as made to streamline this reduced 
portion to the local air flow. (3ee figs. 10 to llj. and 20.) 
Tlie spinners, of course, remained round. The shafts in this 
condition will be referred to as streamline. 

The medium shaft was also tested in another condition in 
which the shaft cross sections remained round but the di- 
ameter varied from, about two-thirds of the full diameter at 
the point of intersection with the v/ing to full diaineter at 
the beginning of the spinner. (See figs. 25 and 2li.. ) The 
shaft in this condition will be referred to as tapered. 



METHODS 



Lift data were obtained by measurement of the i^eaction 
of the model on the floor and the ceiling of the wind tunnel, 
as described in referen-^e 1* The model lift coefficient 
cj based on the model area of 6 square feet is used in the 
presentation of the lift data. 

Drag m.easurements were made at lift coefficients from 
about 0.2 to 0.5 by the v;ake-survey niethod at a number of 
spanwise points. The drag values obtained v/ere plotted 
against distance along the span of the moael and drag- 
coefficient Increments v/ei'e obtained by integrating the re- 
sulting diagrams. The drag-coefficient increm.ents are given 
for each combination in tabular form on figures 3 to 32 as 
ACDi ^i'^d ^'^^D^* These increments are the total-di^ag incre- 
ments of the shaft housings, that is, the external- drag 
increments plus the interference-drag increments. 

The values designated ACdi ^'■^^ ^^'^-^ additional drag 
increments caused by four installations at a chord of , 
31411. inches and based on a v/ing area of [j_000 square feet. 
These dimensions correspond approxim.ately to those of the 
XB-55 airplane. The drag increments designated ACD2 
for a single installation based on an area equal to 1 chord 
length of span (the chord squared). 

In regard to the accuracy of the drag increments given, 
it should be noted that the measurements were made by the 
wake-survey method. Although this m.ethod is very accurate 
for two-dimensional flow, it has been observed in other 
tests of a different nature that, where strong localized 
vortices are present in the flow, the wake-survey method may 



fail to measure all the drag even when the survey is made over 
a distance considerably wider than the region producing the 
vortex. It is thoi.ight that this condition was present only 
to a small extent in these tests. 

All the tests v/ere made at a v/ing Reynolds number R of 
aboi.it 6,000,000. 

' I^ESULTS AND DISCUSSION 
Effects of Shaft Size 



Drag increments increased considerably v/lth shaft size, 
as shown by*figure 55- At some shaft angles, v/ith the best 
fillets, the drag Increments were roughly in proportion to the 
diameter of the shaft (fig« Although the large shafts 

gave higher drag increments than the small shafts, their use 
may be desirable on some airplanes to improve proi^eller 
characteristics by perm.itting the enclosure of thick root 
sections v/ithin the spinner* 



Effects of Spinner Length 

Lengthening the spinner of the small shaft, as shown in 
figures 12, 1$, and l3, gave a slight reduction in drag 
increments from the corresponding conditions v;ith the short 
spinner. Although longer spinners were not tested on the 
medium and large shafts, it is probable that similar results 
would have been found. 



Effects of Shaft Angle 

Shaft angle had a large effect on the drag c>iaractor- 
is tics of all three shafts, as shown in figure 55* Each re- 
duction of shaft angle brought about a reduction of the drag 
increments. I'or example, the drag increments for the small 
round shaft at an angle of ^.25''^ v/ere only about one-third as 
large as those for the shaft at 10^. 

Effects of Shaft and Fillet Shape 

Most of the variations in shaft and fillet shape v;ere 
made with the small shaft at an angle of 10^. The best 
fillet shape tested for this condition is shown in figure 8. 
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As shown by the sketch, -this fillet vms small and slender and 
had a fairly high fineness ratio. It is apparent from the 
results for the otiier arrangements th_at there is an optimum 
size for such a fillet. Large flaring fillets (fig. 
excessively long ones (fig. 7), and very short blunt-tail 
ones (fig. 9) caused unnecessarily high drag increments. 
Pairings in addition to fillets such as those shown in 
figures 5 and ll^ caused an increase in drag increments • 

Variations in fillet shape for the other shaft condi- 
tions were minor and usually failed to show 2',iuch change in 
drag with fillet shape. For both the medium shaft (figs. 25 
and 26) and the large shaft (figs. Jl and 32) at an angle of 
0^, the very small fillets gave drag increments as low V.s 
those of the larger fillets. 

Stream/lining the small and medium shafts at the 10^ 
angle, as shown in figures 10, 11, and 20, had very little 
effect on drag characteristics. Tapering the medium shaft, 
as shown in figures 25 and 2I4., likewise had very little 
effect on the drag. 



Effects on Lift Characteristics 

Figure ^h, shov:s the lift characteristics of four typi- 
cal combinations ccm.pared with the plain wing. This figure 
shov/s that, when the sliaft angle is greater than 0^, a 
slight decrease in lift coefficient occurs at the smaller 
angles of attack and at maximum lift. This decrease in lift 
coef ''icj.enr. at the snaller angles of attach is caused 
principalis by a slight increase in the F^:\^le of zero lift 
with very little char.ge in the lift-curve slope. V^ien the 
shaft angle is 0^, the lift coefficients are approximately the 
sam.e as those of the plain wing except in the region near 
maxim^om lift. 



C0NCLU3I0IT3 



For the conditions tested, the study of JO pusher- 
propeller shaft housings on an NACA 65,5-018 airfoil 
section indicated that: 

1. Drag increments increased withx shaft size somewhat 
in proportion to the diameter of the shaft for any given 
angle tested. 



2. Brag increments Increased rapidly as the angle be- 
tween the shaft and the v/ing chord line increased. 



5, For shaft arranfrement s of the type tested, the lov/e 
drag increments v;ore obtained v/ith small slender fillets 
having fairly high fineness ratios. Large flaring fillets, 
excessively long ones, and short blunt-tail ones should be 
avoided, especially at the higher shaft angles* 

All of the shaft combinations with shaft angles 
greater than 0^ caused slight decreases in lift coefficient, 
Vi/'hen the shaft angle was 0^, practically no decrease in lift 
coefficient occurred. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Comriiittee for Aeronautics, 
Langley Field, Ya.^. 
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Figure 1. - NACA 65,3-018 airfoil section model with pusher- 
propeller shaft: fillet A; p, 10°: a, 0.1392c: b, 0.0729c. 
(See figs. 2 and 3. ) 




Figure 2. -General dimensions for sketches of pusher propeller 
shaft housings on NACA 65,3-018 airfoil. 
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Figs. 6,7,J8 
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b, 0.0729c; R, 6x10^ (apnrox. ) 
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Figs. 12,13,14 
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Figure 12 




c \-c 



Fillet H; p, lOO; a, 0.2082c; 
b, 0.G729C at beginning of 
spinner; R, 6x10^ (approx.) 
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Figure 



Fillet I; p, 10°; a, 0. 20830 ; 
b, 0,0729c from trailing 
edge to beginning of spinner; 
R, 6xlo6 (approx.) 
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Figure 14. - Fillet J; p, 10°; a, 0.20e3c; 

b, 0.C729C from trailing 
edge to beginning of spinner; 
F;, 6x10^ (approx. 
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Figure 17. - Fillet M; p, 3.25° 

a, 0.1392c; b, O.C729c; 
?., 6x10^ (approx.) 
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Figs. 18,19,20 
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Figure 21. - Fillet P; p, 4.830 

a, 0.2088c; b, 0.1094c; 
R, 6x10^ (approx.) 
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Figure 22. - Fillet Q; p, 4. 

a, 0.2088c; b, 0.lC94c; 
R, 6x10^ (approx.) 
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at trailing edge; 
R, 6xl06 (approx.) 
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Figs. 24,25,26 
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Flpjire 24. - Fillets; p, 4.830; 

a, 0.208ec; b, 0.1094c 
at trailinr edge; 
R, 6xlo6 (anprox.) 
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Figure 25 



Fillet T; p, 0°; 

0.20eec; b, C. 1094c; 
F, 6x10^ (approx.) 





Figure 33.- The effect of shaft size and angularity on drag increments for puaher- 

propeller shaft combinationa on an HACA 65,3-018 airfoil section; 
R, 6 X 10^ (approximately). 
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Figure Typical lift characteristics of MACA 65,3-Ol8 

airfoil section with pusher-propeller shaft combinations; 
R, 6 X 10" (approximately). 
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